T HE CLINICAL and hemodynamic findings in patients with complete heart block have been reported by many authors. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] There is general agreement that irrespective of the etiology of the block, cardiac enlargement and increased stroke volume are the compensatory mechanisms for the slow rate. In a few studies ventricular rate and other hemodynamic changes have been followed during exercise.1-3' [13] [14] [15] The prevailing opinion is that in patients with the congenital form of complete heart block the ventricular rate increases more readily than in patients with the acquired form of the arrhythmia. This opinion is based principally on observations in isolated cases. Therefore, the effect of exercise and exercise tolerance were studied in patients with the congenital form of complete atrioventricular dissociation.
Materials and Methods
The present studies were conducted in 11 such patients ranging from 7 to 23 years of age. Diagnosis of congenital A-V block had been made in infancy or early childhood in all patients. Ex- haustive histories had failed to disclose any infective, toxic or other bases for the supposition that the blocks might be acquired rather than congenital. None of the patients had subjective cardiac symptoms, including Stokes-Adams attacks.
Exercise tolerance tests were performed on an electrically braked bicycle ergometer* for 2 6-minute periods. The Brinkman.25 Results
The primary data colicerning heart size, working capacity, electrocardiographic findings, and total amount of hemoglobin as well as atrial and ventricular rates before, during, and after exercise are presented in table 1. The heart size, relative to body size, is presented graphically in figure 1. Since the age and body size of the patients varied widely, the relative heart size is presented as the difference between the found heart volume (in standing position) and the one predicted on the basis of the data of Maurea,20 the difference being expressed in standard deviation units. Definite cardiac enlargement was found in 5 of the 11 eases. In figure 2 the heart size (heart volume in prone position) is plotted against the total hemoglobin. When this referenee standard was used definite cardiac enlargement was present in 7 of 10 cases. Figure 3 shows that the patients' physical working capacity was not correlated to their heart size and that in 6 of 10 patients working capaeity was normal, being only slightly reduced in 4.
During work all patients showed increases in both atrial and ventricular rates ( fig. 4) figure 7 . The former increased almost stepwise at increasing work loads, but a stepwise increase in ventricular rate was found in only a few cases. In several instances the maximal ventricular increase occurred between rest and the first load, while in others it was observed during the second load.
Although it was previously assumed14 that in congenital heart block the relation between the atrial and ventricular rates remained unchanged by exercise, this was not, however, the case in our material. Changes in the ratio of atrial-ventricular rates were observed in every case, being pronounced in 3, both during ( fig. 8) and after exercise (fig. 9) .
The relation between the gain in the atrial and ventricular pulse rate during exercise (in per cent of the rate at rest) is presented in figure 10 . The present findings demonstrate a clear positive correlation between these 2 variables, the gain in the ventricular rate in- The relation between the ventricular rates at rest and exercise. Relation between ventricular rate at rest and exercise and relative heart size (expressed in S.D. from normal).
creasing parallel with the gain in the atrial rate. Upon cessation of exercise atrial and ventricular rates decreased and returned almost to previous values within 10 minutes (fig. 4) . The rapidity with which this decrease occurred was, however, not always the same for the 2 rates. In most instances the ventricular rate decreased more rapidly than the atrial as is shown by the increase in the atrial-ventricular ratio 1 minute after exercise ( fig. 9 ).
Cardiac catheterization was carried out in 4 of the 11 subjects, evidence of an atrial septal defect being found twice (table 2). All right
The change in atrial and ventricular rates during exercise.
atrial, right ventricular, and pulmonary artery pressures were normal in the 2 patients without atrial septal defect, and response to exercise during catheterization was determined in these instances ( fig. 11) . Presence of increased cardiac output, stroke volume, and a widened A-V oxygen difference was confirmed during exercise.
Discussion
The calculation of the working capacity of patients with atrioventricular block with the exercise tolerance test utilized presents some difficulties. In patients without arrhythmias the working capacity corresponds to the submaximal work load, i.e., the load which at a steady state causes a pulse frequency of 170 per minute. ' The change in ratio of atrial :ventricular rates during recovery following exercise.
Similar isolated examples have been previously reported in the literature.15 26 The ventricular acceleration during exercise observed in these patients with atrioventrieular block shows that this circulatory adjustment, which is the most important one during physical effort in normal people, is also of importance in such patients.
The maximal ventricular rate obtained during exercise at submaximal working load showed large individual variations (table 1, fig. 4 ). Gilchrist3 studied the effect of a standard exercise tolerance test on the atrial and ventricular rates in patients with acquired complete heart block and found a negative correlation between the atrial and ventricular gains during exercise. He therefore suggested that the Bainbridge reflex was of importance in the large atrial gain with small ventricular acceleration during exercise. Our observations of a positive correlation ( fig. 10) Figure 10 Correlation between increases in atrial and ventricular rates during exercise.
account in large part for the amount of exercise tolerated, in ventricular acceleration, and in the ratios of atrial-ventricular gains.
The factor that determnined the maximal ventricular rate was not the rate at rest nor the heart size, since no correlation could be demonstrated between these variables and the maximum venltricular rate (figs. 5 and 6).
Furthermore, although the ventricular and atrial rates increased, by and large, in parallel ( fig. 4) , the agreement between these increases was not complete. The atrial-ventricular ratio showed changes both during transit from rest to exercise and from exercise to rest ( fig. 9 ).
These changes were very pronounced in a few cases ( fig. 8 ). The reason for these changes in atrial-ventricular ratio is demonstrated in figure 7 . The atrial rate increased in a normal manner, i.e., stepwise, while the increase in the ventricular rate was irregular in the sense that it occurred in many cases either between the rest and the first load or between the first and second load.
Although it might be postulated that the occurrence of ventricular extrasystoles, either isolated or in the form of bigeminy or trigeminy, could be a factor in increasing cardiac ratio of atrial :ventricular rates were observed in all eases during physical work. Physical working capacity was normal or only slightly reduced in all instances. This is accomplished through maintenance of normal minute volumes, whieh in turn reflects an interplay of several factors: aeceleration of ventrieular rate, increased heart volume and stroke volume, and a normal or supernormal oxygentransporting capacity of the blood as reflected in increased amount of total hemoglobin.
Summario in Interlingua
Es describite le responsas electrocardiographic e hemodynamic constatate post graduate exercitio in 11 patientes con congenite complete bloco atrioventricular. Le augmentos del proratas ventricular durante le exercitio revelava nulle correlation con le proratas in reposo, le proratas atrial, o le dimensiones del corde. Alterationes in le proportion inter le proratas atrial e ventricular esseva observate in omne le casos durante le effortio physic. Le capacitate de effortio physic esseva normal o levemente reducite in omne le casos. Isto es le resultato del mantenentia de un normal volumine per minuta, un phenomeno que, de su parte, reflecte un concerto de plure factores, i.e. le acceleration del prorata ventricular, le augmento del volumine cardiac e del volumine per pulso, e un capacitate normal o supernormal de transporto de oxygeno in le sanguine con le resultato de un augmento del quantitate total de hemoglobina.
